A sample of eight small-diameter radio sources has been selected from the Molonglo Galactic Plane Survey (MGPS) as candidates for young Galactic supernova remnants. The sources have been identified in the IRAS and Midcourse Space Experiment infrared data bases and imaged in the H107α radio recombination line (RRL) using the Australia Telescope Compact Array (ATCA). Seven of the sources display high ratios of infrared-to-radio-continuum flux density and/or detectable RRLs and are almost certainly H II regions. One source (G282.8−1.2) is identified as a possible new young Galactic supernova remnant, based on its relatively weak infrared emission, steep radio spectrum, and possible X-ray emission. The adopted method for distinguishing thermal and non-thermal Galactic radio sources seems promising and could be fruitfully applied to more than 100 small-diameter sources listed in the MGPS.
I N T RO D U C T I O N
Six Galactic supernova explosions have been recorded in the past 1000 yr (Clark & Stephenson 1977) . However, it is generally believed that a total of 20-50 explosions had actually occurred, with the majority being obscured by dust in the Galactic disc (Cappellaro & Turatto 1988; Lozinskaya 1992; Cappellaro et al. 1993; Tammann, Löffler & Schröder 1994) . It is of considerable interest to identify the remnants of these young Galactic supernovae, both to confirm the estimated supernova rate, and to explore the astrophysical processes associated with the expansion of young remnants and, perhaps, the behaviour of any residual compact objects.
Studies of the six historical supernova remnants (Weiler & Sramek 1988 ) and of extragalactic supernovae (e.g. SN1987A - Staveley-Smith et al. 1992) show that most are bright non-thermal radio sources. Since radio emission is unaffected by dust extinction, it might be expected that radio surveys of the Galactic plane would have revealed remnants of the explosions that have probably occurred over the past millennium. Green (1984) has discussed the sizes and flux densities expected for these young but distant Galactic supernova remnants (SNRs). For example, remnants similar to Tycho or Kepler would have S 1 GHz ∼ 1 Jy and a diameter of ∼1 arcmin, if at a distance of 20 kpc.
However, it has proven to be remarkably difficult to identify any young Galactic SNRs beyond those associated with the historical optical supernovae, despite many searches (Green & Gull 1984; Helfand et al. 1984; Green 1985 Green , 1989 Sramek et al. 1992; Gray 1994) . Current catalogues of Galactic SNRs (Whiteoak & Green 1996; Green 2000) contain fewer than 10 small-diameter SNRs E-mail: zmisanov@Physics.usyd.edu.au estimated to be younger than 1000 yr, so that about 20-40 young remnants await identification. As discussed by Green (1985) it is difficult to estimate how many of these young remnants can be detected, because some may be too faint to be detected in current radio surveys, or because some very young remnants may not be radio sources. There are almost certainly several undiscovered young Galactic SNRs that can be identified from radio images of the Galactic plane.
In this paper we present observations of eight small-diameter radio sources selected from the Molonglo Galactic Plane Survey (MGPS), with a resolution of 43 × 43 arcsec cosec|δ| (Green et al. 1999) , as possible young Galactic SNRs on the basis on their diameter (resolved but <4 arcmin). Poorly-resolved sources from the MGPS are selected so that the majority of unresolved background extragalactic objects are excluded from the sample of candidates. As a consequence, a small number of very-young Galactic SNRs, unresolved in the MGPS images, may also be excluded.
The selected candidates were observed with the Australia Telescope Compact Array (ATCA) in the H107α radio recombination line (RRL) at 5 GHz. The majority of the selected sources are expected to be thermal objects (H II regions or planetary nebulae) which emit RRLs, so that the absence of detectable line emission is used to indicate a non-thermal source, a possible young Galactic SNR. In addition, IRAS and Midcourse Space Experiment (MSX) infrared data and spectral-index measurements were combined with the RRL studies to distinguish thermal and non-thermal sources in the selected sample. Work by Fürst, Reich & Sofue (1987) , Arendt (1989) , Green (1989) , Taylor et al. (1996) and Whiteoak & Green (1996) shows that the FIR/radio ratio for SNRs is less than that for H II regions. A recent study (Cohen & Green 2001 ) has established that thermal and non-thermal Galactic sources can also be distinguished by comparing their mid-infrared (MIR) and radio emission. H II regions have significantly larger MIR/radio ratios and C 2002 RAS Downloaded from https://academic.oup.com/mnras/article-abstract/335/1/114/1032580 by guest on 19 December 2018 characteristic mid-infrared morphology in the form of a polycyclic aromatic hydrocarbon (PAH) halo surrounding the radio source.
O B S E RVAT I O N S
The MGPS (Green et al. 1999 ) is a radio-continuum survey made using the Molonglo Observatory Synthesis Telescope (MOST), which operates at 843 MHz and has a resolution of 43 arcsec × 43 arcsec cosec|δ|. The sensitivity (1σ ) of the MGPS is 1-2 mJy beam −1 and the positional accuracy is about 1 arcsec for point sources brighter than 20 mJy. More than 450 overlapping fields (original 70 arcmin × 70 arcmin images) have been assembled as a series of 37 (3
• × 3 • ) mosaics presented in Galactic coordinates. The MGPS images of the selected SNR candidates were obtained in FITS format from the MGPS website (http://www.astrop. physics.usyd.edu.au/MGPS).
There are more than one hundred slightly resolved radio sources in the MGPS that are potential young Galactic SNRs. A total of seven sources was selected from the MGPS, based on their diameter and peak brightness, to test and refine the observing technique before observing a larger sample. The previously observed source SgrE 19 (Cram et al. 1996) , designated here as G358.6+0.1, with no detected RRL in H92α at 8 GHz, and hence suggested to be nonthermal, was also included in the sample to confirm this result. Source G267.9−1.1, a well-known H II region (Caswell & Haynes 1987) , was included in the sample as a test source.
The flux densities and sizes of the selected sources at 843 MHz, measured from the original MGPS images, are listed in Table 1 . The listed peak flux densities and sizes were determined after fitting the sources by Gaussians and measuring peaks and widths at half intensity of the equivalent deconvolved Gaussian sources (the major and minor axes and position angles are also listed). The integrated flux densities were measured using a summation of pixel values with an uncertainty of about 5 per cent.
The selected sample of SNR candidates was cross-correlated with the IRAS Catalogue of Point Sources (PSC) (Beichman et al. 1988) , the IRAS Serendipitous Survey Catalogue (SSC) (Kleinmann et al. 1986) , and the IRAS Small Scale Structure Catalogue (SSSC) (Helou & Walker 1988) to identify their far-infrared counterparts and calculate the FIR/radio ratio, S 60µm /S 843 MHz . Comparison of the MGPS sources with the IRAS PSC revealed six identifications. One source (G304.5−0.1) was identified with an extended IRAS source catalogued in the IRAS SSSC, while G282.8−1.2 does not have any significant infrared emission. The positional agreements between the MGPS and the associated IRAS sources are within 30 arcsec. The selected candidates were also identified with their midinfrared counterparts, to compare their mid-infrared and radio emission and to calculate the MIR/radio ratio, S 8.3µm /S 843 MHz . The 8.3 µm counterparts of all of the SNR candidates were identified in the MSX Point Source Catalogue (Egan et al. 1999 ), a catalogue of mid-infrared point sources observed at 4.2-25 µm. The MSX survey is complete to about 0.1 Jy at 8.3 µm and has a resolution of 18.3 arcsec in the final images. The MIR/radio ratio of each radio source was calculated by using the total spatially integrated flux density of all MSX sources identified with that particular radio source.
The ATCA (H107α) observations of the selected sources were performed with a 512 channel receiver and a total bandwidth of 16 MHz, using the 0.750A configuration (with antenna 6). The parameters of the observations are given in Table 2 . Short observations ('snapshots') were made with 5-6 pointings per source and an observing time of about 25-min for each pointing, evenly spread over 12 h.
To determine if any RRL emission from the selected sources is detectable, the expected (theoretical) line strength was compared with the sensitivity of the H107α observations. The line-to-continuum ratio (T L /T C ) of the selected sources was calculated using the theory of H II regions (Roelfsema & Goss 1992) . It was assumed that the expected linewidths of Galactic H II regions at 5 GHz are in the range 14-56 km s −1 (Caswell & Haynes 1987 ). The line strength was then estimated to be between 2 and 7 per cent of the continuum emission, assuming a typical H II region with an electron temperature T e = 10 4 K and a relative helium abundance N He /N H = 0.1. For comparison, the values of T L /T C , for about 300 Galactic H II regions observed at 5 GHz were found to be in the range 2.2 to 20, with a median value of 6.5 per cent (Caswell & Haynes 1987 ). In high-density H II regions (n = 10 4 cm −3 ), linewidths and consequently T L /T C could be affected by pressure broadening (Roelfsema & Goss 1992) . However, the slightly extended objects selected for this project are not likely to be ultra-compact, high-density H II regions. Furthermore, the pressure broadening depends strongly on the observing frequency and is less significant at high frequencies (>1 GHz) (Shaver 1980; Roelfsema & Goss 1992) .
The expected rms noise (1σ ) in the source-free part of a continuum image was calculated to be 0.1 mJy beam −1 (corresponding to a brightness temperature of 0.8 K), while in a single spectral line channel image ( ν = 31.3 kHz) it is 3.2 mJy beam −1 (16.3 K), calculated for a integration time of 140 min per source.
The detected visibilities were calibrated and imaged using the MIRIAD synthesis imaging package. Flux density and bandpass calibration was carried out using observations of B1934−638, while three secondary calibrators (Table 2 ) were used to correct for changes in gain and phase caused by receiver and atmospheric instabilities. To obtain an optimal signal-to-noise ratio, slightly different imaging parameters were used for each of the observed fields because of their different characteristics.
Finally, the available catalogues of X-ray sources were searched to find potential X-ray counterparts. No catalogued X-ray source was found in the vicinity of the selected sources (within 15 arcmin), except for G282.8−1.2. An X-ray source (J101123.3-574149), was found in the Second ROSAT Source Catalogue (ROSAT Consortium 2001) close to the position of G282.8−1.2. The X-ray source is almost on the edge of the radio source, indicating possible X-ray emission from G282.8−1.2.
R E S U LT S
The ratios of the FIR/radio and MIR/radio emission and flux densities of the continuum (S C ) and H107α line (S L ) emission of the selected sources at 5 GHz are summarized in Table 3 . The line emission was measured in the centre of the line (peak emission of the Gaussian fit), spatially integrated over the same source region as the Table 3 . The ratios of FIR/radio and MIR/radio emission, flux densities of H107α and continuum emission at 5 GHz. a The peak of the extended part (Fig. 7) . Table 4 . Properties of the sources with detected H107α line emission.
G267.9−1.1 3.0 ± 3.4 35.1 ± 4.3 7200 ± 500 <1.4 2 0 G313.8+0.7 −53.4 ± 5.2 26.5 ± 5.2 3600 ± 400 4.3 ± 0.8 (7.4 ± 0.6) 15 G358.6+0.1 3.2 ± 3.6 26.1 ± 4.3 4300 ± 600 <1.0 1 6 continuum emission. The upper limits are listed for non-detected RRLs. Column 6 of Table 3 lists the line-to-continuum ratio, while the peak of the continuum emission and the corresponding synthesized beam are shown in the last two columns. Recombination lines can be characterized as Gaussian profiles with peak S L , central velocity v LSR and full width at half-intensity v. Table 4 lists properties of the sources with detected line emission. Columns 2 and 3 give the line central velocity v LSR and the line width v. The last three columns list derived properties: electron temperature T e estimated from the line-to-continuum ratio and the line width, the distance d to the emitting source estimated from the central velocity of the line, and the value of the turbulent broadening velocity v t . These values were derived using the theory of H II regions presented in Roelfsema & Goss (1992) . The distances from the Sun to the emitting sources, listed in column 8, were calculated using a model for Galactic rotation (Fich, Blitz & Stark 1989 ) and adopting standard IAU parameters for the orbital velocity of the Sun (220 km s −1 ) and the Galactic centre distance (8.5 kpc).
Individual sources
3.1.1 G267.9−1.1 Source G267.9−1.1, a well-known H II region (Caswell & Haynes 1987) , was observed as a test source. The measured 5-GHz continuum-and line-flux densities are reduced due to missing short interferometer spacings in the data. However, the line-to-continuum ratio is not affected by the missing short spacings and the measurements listed in Table 3 agree with the results of Caswell & Haynes (1987) .
G282.8−1.2
This source is catalogued in the Parkes-MIT-NRAO 4.85 GHz Southern Survey, with a flux density of 391 mJy (Wright et al. 1994) . Using this value and the 843 MHz flux density the spectral index of G282.8-1.2 was estimated to be α = −0.31, where α is defined by the equation S ν ∝ ν α . The ATCA continuum image of the source shows an irregular brightness distribution (Fig. 1) . The 5-GHz flux density of 106 mJy, measured from the continuum image, is low because short-baseline data are missing. No H107α emission was detected above the sensitivity limit of S = 22 mJy (3σ ), or above 20 per cent of the continuum emission, averaged spatially over the detected region of the source (Table 3) . However, this non-detection is only a weak limit and more sensitive observations are needed to exclude RRL emission from this source.
No IRAS source was detected close to the position of G282.8−1.2. The sensitivity limit of PSC (0.6 Jy beam −1 at 60 µm) (Beichman et al. 1988) implies S 60µm /S 843 MHz 1. According to Whiteoak & Green (1996) , SNRs have S 60µm /S 843 MHz < 50. The estimated spectral index implies a 1-GHz flux density of about 650 mJy, which together with the IRAS sensitivity limit gives S 60µm /S 1 GHz 1, a value typically found in young (historical) Galactic remnants (CasA, Tycho, Kepler, Crab) (Arendt 1989) . Only one MSX point source is catalogued close to the position of G282.8−1.2 ( Fig. 1) with the ratio S 8.3µm /S 843 MHz = 1.1. Such a low MIR/radio ratio suggests that the source is probably non-thermal (Cohen & Green 2001) .
There is a possible X-ray counterpart of G282.8−1.2. The ROSAT source J101123.3−674149 was found in the Second ROSAT Source Catalogue of Pointed Observations (ROSAT Consortium 2001). This X-ray source has an offset of 2.4 arcmin from the radio peak emission and is close to the edge of G282.8−1.2.
Although the ATCA data are inconclusive, the ratios of infrared to radio emission of G282.8−1.2, together with its relatively steep spectrum and possible X-ray emission, suggest this source may be a young Galactic SNR.
G302.4−0.1
No results of previous radio observations of G302.4−0.1 have been reported in the literature. The MGPS (843-MHz), ATCA (5-GHz) and MSX (8.3-µm) images of this source are shown in Fig. 2 . The source was identified with the IRAS source 12440−6242 and with two catalogued MSX point sources. According to the IRAS data, G302.4−0.1 would be classed as a thermal source, probably a Galactic H II region. However, the MIR/radio ratio is slightly lower than expected for H II regions. Cohen & Green (2001) found the ratio S 8.3µm /S 843 MHz in the range 6.2-73.4 for Galactic H II regions.
The source is extended and its flux density at 5 GHz was measured only from the detected central region of the source. This prevents a determination of the total flux at 5 GHz and a global measurement of the spectral index. However, the spectral index of the brightest part of the source was estimated to be α ∼ 0, since the 5-GHz observations do sample the scale of the MOST beam. No line emission was detected above the sensitivity limit of about 24 mJy or 16 per cent of the continuum emission (Table 3 ). The FIR/radio and MIR/radio ratios, and its flat spectrum, would suggest that this source is probably a Galactic H II region.
G304.5−0.1
No previous radio observations of this extended, low-brightness source have been reported. The images of G304.5−0.1 are shown in Fig. 3 . The spectral index of the central region of this source was estimated to be α = −0.22. No H107α emission was detected from G304.5−0.1 above the integrated channel sensitivity (3σ ) of 24 mJy or above 17 per cent of the continuum (Table 3 ). 
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The far-infrared counterpart of this source (X1301-625) is catalogued in the IRAS SSSC (Helou & Walker 1988) . The average non-colour-corrected, spatially-integrated flux density, measured at 100 µm, is 1620 Jy (which gives S 100µm /S 843 MHz = 2132), but the 60-µm flux density of this extended infrared source is not listed in the catalogue. There are four catalogued MSX point sources close to the position of G304.5−0.1. The total flux density of these sources was used to calculate the lower limit of the MIR/radio ratio (Table 3) , which is slightly lower than expected for H II regions (Cohen & Green 2001 ). However, the morphology of the mid-infrared emission suggests a PAH halo surrounding the radio source (Fig. 3) , which is characteristic of H II regions (Cohen & Green 2001) .
G313.8+0.7
This source is listed in the Catalogue of 5-GHz Galactic Plane Sources (Haynes, Caswell & Simons 1979 ) with a flux density of 650 mJy, and in the Parkes-MIT-NRAO (PMN) 4.85-GHz Southern Survey, with fluxes of 715 mJy or 626 mJy (measured using different methods) (Wright et al. 1994 ). The integrated flux (Table 1 ) measured from the MGPS continuum image (Fig. 4) suggests a flat-spectrum radio source, with a spectral index α ∼ 0.
The spectrum of G313.8+0.7, integrated over the source area, shows relatively strong H107α line emission centred at the velocity −53.4 ± 5.2 km s −1 . This velocity indicates an H II region at a distance of 4.3 ± 0.8 or 7.4 ± 0.6 kpc (Table 4) , ambiguity being the result of its position within the solar circle (Schmidt 1965). The line-to-continuum ratio and the linewidth were used to calculate quite a low electron temperature of only 3600 K. Such a low value of the electron temperature is characteristic of H II regions that are close to the Galactic Centre, and can satisfactorily be fitted by the 'galactic gradient' of T e derived from studies by Shaver et al. (1983) and Caswell & Haynes (1987) .
The infrared to radio ratios (Table 3 ) and the 8.3-µm morphology (Fig. 4) , together with its estimated flat spectrum, would classify this source as being most likely to be an H II region, which is unambiguously confirmed by the detection of RRL emission.
G323.8+0.0
No catalogued radio source has been found in the vicinity of 15 h 31 m 04 s −56 • 14 29 (J2000), the position of the peak emission of G323.8+0.0 at 843 MHz. The MGPS and the ATCA images of G323.8+0.0 (Fig. 5) reveal the same morphology, showing an irregular brightness distribution with the brightest radio emission occurring in the north-western quarter of the source. The spectral index of the brightest part of the source was estimated to be α = −0.14. No H107α line emission was detected above the integrated channel (3σ ) sensitivity limit of S = 27 mJy or above 10 per cent of the integrated flux density of the continuum emission (Table 3) . The ratio S 60µm /S 843 MHz (Table 3) indicates a thermal nature for this source, which is also suggested by its IRAS 60-µm/12-µm and 25-µm/12-µm flux density ratios larger than 19.3 and 3.7, respectively, which are believed to be characteristics of compact H II regions (Wood & Churchwell 1989) . The thermal nature of this source has also been suggested by the MSX data. The lower limit of the ratio S 8.3µm /S 843 MHz of 9.2 is the highest in the sample.
G331.7−0.1
No catalogued radio source has been found close to the position of G331.7−0.1. This small-diameter source (Fig. 6 ) was fully imaged at 5 GHz. The 843-MHz and 5-GHz flux densities were used to estimate the spectral index α ∼ 0. No H107α recombination line emission was detected above the sensitivity limit of 36 mJy (10 per cent of the continuum emission). The FIR/radio ratio of 760 (Table 3 ) is typically found in Galactic H II regions (Whiteoak & Green 1996) . However, the high-resolution MSX data are inconclusive. The lower limit of the MIR/radio ratio of 2.4 is significantly below the expected value for H II regions (Cohen & Green 2001) .
Although the MSX and RRL data are inconclusive, this flatspectrum source with significant far-infrared emission is most probably a Galactic H II region. • 28 02 (J2000). If the point source has an approximately flat spectrum, it would be visible in the MGPS image. However, considering the sensitivity of the MGPS, an extremely inverted-spectrum (α > 1.5) source would not be visible at 843 MHz. Alternatively, it has been suggested that the point source could be a transient radio source (an X-ray binary). In fact, the point source is close to a known transient X-ray source (4U1630−47) (Bloser et al. 1996) , which was active at the time of the ATCA observation (1998 April 3) and the separation of the two sources was at the margin of the resolution limit of the BATSE (Hunstead, private communication). The spectral index of the extended part of G337.4−0.4 was estimated to be α = −0.53, which indicates a steep spectrum source. No H107α line emission was detected above the sensitivity limit of 27 mJy or above 10 per cent of the detected integrated flux density of the continuum emission (Table 3) .
G337.4−0.4
The FIR/radio ratio of G337.4−0.4 is the highest in the sample (Table 3) . Such high infrared-to-radio emission ratios can be found in compact Galactic H II regions because a much larger fraction of the ionizing radiation from the central star is absorbed by dust than in extended H II regions (Whiteoak, Cram & Large 1994) . The thermal nature of this source is also suggested by the MIR/radio ratio. However, further observations are needed to investigate this interesting source, which has a relatively steep spectrum but high infrared emission, including the point source observed with the ATCA but not seen in the MGPS image.
G358.6+0.1 (SgrE 19)
G358.6+0.1 (SgrE 19) (Fig. 8) is one of the discrete continuum radio sources from the SgrE cluster, believed to lie physically close to the Galactic Centre (Liszt 1992). Single-dish observations of RRL and molecular lines from this region revealed emission at approximately −210 km s −1 (Caswell & Haynes 1987; Liszt 1992) . The SgrE region was observed with the VLA in the H 92α transition at 8.3 GHz and RRL emission was detected at about −205 km s −1 from the majority of the bright sources in the cluster. However, no significant line emission was detected from SgrE 19 in the inspected velocity range −150 to −250 km s −1 , and it was speculated that the object might be a young SNR near the Galactic Centre (Cram et al. 1996) . However, the ATCA H107α observations made in a considerably wider range of velocities (−300 to +300 km s −1 ) reveal a relatively strong RRL at about 3.2 ± 3.6 km s −1 (Table 4) , confirming the thermal nature of this source, which does not seem to belong to the same cluster as the majority of the sources observed by Cram et al. (1996) . The integrated flux densities measured from the fully imaged source at 5 GHz and 843 MHz suggest a flat-spectrum source with α ∼ 0. This is also consistent with the value of 377 mJy at 8.3 GHz, measured by Cram et al. (1996) .
The estimated electron temperature of SgrE 19 is considerably below the average temperature expected in a typical H II region. This might be a consequence of the uncertainty of the fitted line parameters, because of the low signal-to-noise ratio. The distance to SgrE 19, inferred from its radial velocity, implies that the source is much closer than the SgrE cluster and not physically associated with this Galactic Centre region H II complex. This is consistent with the result of Liszt (1992), who imaged the CO molecular emission on the line of sight to SgrE 19 at velocities of 0, −17, −50 and −60 km s −1 . Finally, the infrared data are consistent with the ATCA result. The IRAS source 17388−3002, identified with SgrE 19, is a strong FIR source (455 Jy) at 60 µm, with S 60µm /S 843 MHz ratio 1266, typically associated with compact H II regions (Whiteoak & Green 1996) . The source was identified with two MSX point sources having total flux density 2.55 Jy at 8.3 µm and MIR/radio ratio >6.7, suggesting a thermal source (Cohen & Green 2001 ).
D I S C U S S I O N

The experimental design
The sample of nine sources selected for this project and imaged with the ATCA at 5 GHz in the H107α transition have a wide range of properties. There are extended, low-brightness objects as well as bright, barely-resolved sources. Such a selection was motivated by the necessity to test and refine the parameters of the observation before observing a larger number of the MGPS sources. As a consequence, the estimated RRL strength of some of the selected sources was below the sensitivity limit of this survey. To image these sources in the RRL the observing technique would need to be modified. For example, to image the extended, low-surface-brightness sources such as G282.8−1.2, G302.4−0.1 or G304.5−0.1, the signal-tonoise ratio would have to be improved by a factor of approximately 10. This could be done by choosing a more compact array with a lower resolution. In addition, the noise in the individual channel images could be reduced by increasing the integration time on each source, and by increasing the channel width. However, the choice of the channel width is limited by the design of the ATCA spectral line correlator and also by the required total bandwidth (velocity range), and can be most easily modified in imaging by averaging and smoothing the data.
The selected ATCA configuration (0.750A) with a beam size of approximately 16 arcsec (without antenna 6) was appropriate for the imaging of bright (G267.9−1.1) or small, relatively-bright sources (SgrE19, G313.8+0.0). However, to image G282.8−1.2, G302.4−0.1, G304.5−0.1 or similar extended, low-brightness sources, a more compact ATCA configuration (for example, 0.375A) would be more suitable. The beam size of the 0.375A array is about 32 arcsec, which would increase the flux density per beam area by a factor of 4. In addition, by increasing the integration time per source and the channel width, each by a factor of 2−3, the rms noise in the single channel image would be reduced by the same factor. This would increase the signal-to-noise ratio by a factor of about 10, which would be enough to image G282.8−1.2, G302.4−0.1, G304.5−0.1 and similar sources. In addition, a more compact array containing short baselines would detect the extended features of the observed sources. For example, to image a 2-arcmin source, baselines at least as short as 45 m would have to be present in the data and the 0.375A ATCA contains a 31-m baseline.
Conclusion
One source (G282.8−1.2) has been identified as a possible young Galactic SNR. This source has a low MIR/radio ratio, and was not detected in far-infrared emission. In addition, the estimated spectral index of α = −0.31 and possible X-ray emission suggest that this source could be a young SNR. Further studies (e.g. polarization, more sensitive RRL, spectral-index studies, X-ray emission) are needed to confirm this result and investigate this object.
The H107α radio recombination line emission was detected in three of the selected sources (G267.9−1.1, G313.8+0.7, G358.6+0.1), eliminating them from the sample of SNR candidates. In addition, the properties (electron temperatures, distances, velocities of turbulent motion within the gas) of these Galactic H II regions were determined, using the measured line parameters. Previous RRL observations of SgrE 19 (Cram et al. 1996 ) suggested a possible non-thermal nature of this source. However, the H107α detection in this survey classed this source as a Galactic H II region at a distance of <1 kpc.
The ATCA RRL data are not conclusive for the remaining lowbrightness, extended sources in this sample. However, most of these sources are most likely thermal H II regions: G331.7-0.1 has an approximately flat spectrum estimated from the 843-and 5-GHz data, and an S 60µm /S 843 MHz of 760. The morphology of the mid-infrared emission of G304.5−0.1 is characteristic of H II regions, while source G323.8+0.0 has relatively high infrared emission and ratios of the IRAS emission at 12, 25 and 60 µm characteristics of H II regions. The extremely-high infrared emission of G337.4−0.4 has classed this source as a compact Galactic H II region. G302.4−0.1, with α ∼ 0, is also most probably a Galactic H II region.
The presented analysis of the ATCA RRL observations has shown that this method can successfully be applied to distinguish thermal and non-thermal compact radio sources in the Galactic Plane in a search for young Galactic SNR candidates. A modified observing technique (the proposed 0.375A ATCA configuration) would successfully image low-surface-brightness, extended sources similar to G282.8−1.2, G302.4−0.2 or G304.5−0.1.
Radio recombination line studies of compact, small-diameter Galactic radio sources, combined with the available infrared, X-ray and spectral-index data, provide an excellent method to identify non-thermal, small-diameter (young) Galactic SNRs by distinguishing them from thermal Galactic sources (H II regions). There are many more untested small-diameter, compact, (apparent H II regions) in the southern Galactic Plane that are potential small-diameter (young) Galactic SNRs. A visual inspection of the 37 MGPS mosaics shows about 4−6 suitable sources per mosaic, which means 100−150 SNR candidates. A full project to examine all these sources would include: (i) selecting all small-diameter sources from the MGPS, (ii) searching the IRAS and MSX catalogues for infrared counterparts and determining FIR/radio and MIR/radio ratios, (iii) selecting all sources with relatively-low infrared emission, (iv) undertaking ATCA (or VLA) observations of these sources in RRL using a compact array (0.375A) and an integration time of ∼300 min per source, (v) undertaking polarization imaging for the final candidates.
